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TECHNOLOGICAL SUBSTITUTION IN TRANSMISSION 
FACILITIES FOR LOCAL TELECOMMUNICATIONS 

EXECUTJYE SUMMARY 

Revolutionary technological changes are having a profound impact on all 
operations of local exchange telecommunicadons mmpanies. ?ais study 
considers the impact of these changes on their outside planr, Le., the cabIe and 
equipment on which messages and signals are transmitted between the subsaber 
and the cennal office (the subscriber outside plant), and berween cenbd'officcs 
(the interoffice outside plant).l 

Traditionally, individual copper wire-pairs in cable have been the medium for 
the transmission of a message in he outside plant. However, because of recent 
improvemenrs in digital technology, as well as in fiber optics, most interoffice 
circuits, and an increasing number of subscr ih  pairs, arc now provided on 
carrier sysrems. Such system eliminate or greatly reduce the amount of copper 
cable used for transmission As forecast in the study, this lxend away from copper 
cable will accelerate in response IO technological and economic drivers and the 
demand for new services. 

The timing of the demise of copper cable by digital carrier and fiber is 
imponant because copper cable is the bulk of the outside plant invesmenr of 
more than $70 billion.2 which must be depreciared before it is no longer 
economically useful. (Of this cable invcsmenr, rhe interoffice outside p h t  
accounts for approximarely 20%, subscriber feeder, 3555, and subscriber 
diseibution, 45%.3) Depreciation issues aside, the rates of adoption of digital 
carrier and fibx optics are of particular intenst to network and smtegic plannen. 

Therefore, Technology Futures, Inc. was commisjloned 10 dcveiop fowasts of 
the timing of copper cable's demise and he adoption of digiral carrier and fiber 
optics. The approach chosen was to predict the substitution of Circuits on digid 
carrier and fiber optics for circuits on individual voice frequency coppa 
The study was sponsored by the Technology Forecasting Usm Group which 
includes all seven of the regional Bell operating companies, the GTE telephone 

1. 'Ihe actwork a r c h i t c z l ~ ~ ~  in use by lad exchange carriers in the interoffice and s u b m b  
(feeder and dirmbution) outside plant is discused in Chapter Two. 
2. CDmposite MA-16 repom for major US. local exchange carriers (December 31.198Q. 
3. From Appendix D. 
4. IC is important to recognize that substiouion k no( synonymous w M  rcplacment. Fhysical 
retirements of copper cable might not occur in quantity until well after the beginning of the W 
substicution. 

V 
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. Executive Summary 

i 

companies, ConLel, Cincinnati Bell, Southcrn New England Telephone, and Bell 
Canada 

The forecasts are deveIoped using the well-hown Fisher-Pry mcdel, described 
and referenced i n  the W y  of rhe report. T h i s  model has been shown to be 
applicable to both telecommunications and many other indusms.5.6 It holds that 
the subsrimuon of a new technology €or an old follows an S-shaped curve as 

A particular substitution is characterized by irs 
substitution rate, which is normally a constant throughour the subsumtion. The 
substimaon rate, and thus the rime span for the substitudon, varies from one 
SubsuNtion to another, but the basic S-shape is c o m o n  to most substitutions. 
Therefore, it has been shown that by using the substirunon rate suggested by early 
data, we can project the remainder of a substitution to its conclusion. 

. shown in Exhibit ES.1. 

Forecasted in this reporr are: (1) the substirution of derived circuits for non- 
derived circuits in the interoffice pIant and (2) the substimaon of derived 
subscriber pairs for non-derived subscriber pairs in the subscriber feeder plmL 
Derived Circuits (or subscriber pairs) are those which arc electronically derived by 
various multiplexing techniques, either analog or digital. Non-derived circuk 
(or subsuiber pairs) provide a single conversation path on individual. voice 
frequency copper pairs. Also forecasted are he relared subslirurions of circuits 
(m subscriber pairs) on fiber opncs for all of circuits (or subscriber pairs) on 
metallic cable. Although the formal substitution analysis is ldid to the 
interoffice outside plant and the feeder pomon of che subscriber outside plant, 
probable scenarios are deveIoped for the adoption of new technologies in rhe 
dismbuuon portion of the outside plant7 

The progress of these substirutions is measured by the percentage of equivalent 
voice kquency circuits (or subscriber pairs) that are s a v e d  by derived Cirmiu on 
carrier systems. An equivalent voice frequency circuit has the abiliry to ~ a r r ~  one 
normal two-way telephone conversation. These units were chosen because they 
accurately reflect the usefulness of each technology and because they have been 
tracked historically. 

5. Ralph C. Lcnz and Lawrence K. Vansmn. Comparisons of Technology Subsrirurwns in 
Telecommunicarbns and O t k r  Induries  (Aunin: Technology Futures, Inc.. 1986). The 
Executive Summary is included here as Appendix F. 
6. Kvnbugwe A. Kateregga, Tec~ologicalForecarfing Modcls and ThcirApplica[Wnr in Capital 
Recovery (Department of Industrjal Enginwing. Iowa $race Univgsiv, 1986). 
7.. Tbe forecasrr; for he inreroKue and subscriber feeder outside plant are developed in Chap- 
Three 2ndFour. n.e scemios for fie adoption o€libcr optics in ~e subscriber dism-burion plan1 
are discur~ed in Chapter Five. 

I: 
i 
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The drivers of rhe subsnrurions are (1) continued technological progress and 
cost reductions in digital carrier eleckonics and fiber optics, (2) increased 
efficiency from synergies with digital switching and digital customer premises 
equipment, and (3) revenue opponunities from new business and residential 
services made possible by the new digital and fiber opcics technologies. 

To support rhe forecasting effort and to provide a comprehensive overView of 
technological uends in rhe outside plant, data were collected from 32 telephone 
companies. Together the U.S. companies covered in this report account for 85% 
of the access lines in rhe United Stares8 This may represent the largest cobxtion 
of outside plant data ever CompiIcd. 

In 1987, 81% of the interoffice circuits in service, and 4.5% of the subscriber 
paks used, were elecmnically duived rarher than served by individual voice 
kquency copper pairs. By the end of 1989 the indusuy plans to have 86% 
derived circuits in the interoffxe plani and almost 7% derived subscrik pairs in 
the subscriber feeder plant. 

From the forecasts developed in ihe body of the report, it is likdy ihat 99% of 
at1 interofice circuirs will be derived by 1995 and rhat the inreroflce nerwork will 
be essenriully allfiber by I999. The forecasts are less precise for the loop plant 
because the Ioop substitution has not progressed as far as the interoffice 
subsritution. However, we predcr that, in rhe subscriber f e d e r  plant. 99% of all 
subscriberpairs will be derivedpairs ahring s h e  period benveen 2004 and 2012, 
with n "msr-li?ceiy" &re of 2009. 

Exhibits ES.2 and ES.3 summarize the forecarts for the interoffice and 
subscriber feeder substirutions. Because of the effect of fiber optics, the phase- 
Out of nonderived circuits will proceed faster than it would otherwise. Also, for 
the subscriber feeder plant, the substitution will proceed quite rapidly between 
1993 and 2001. During this pcriod, we predict xh21 much of todzy's nerallic 
feeder plant will be rendered obsolete. 

The scenario for the adoplion of fiber optics indicares that the nerwork Will be 
alI fiber by the earIy 2020s. As shown in Exhibit ES.4, fiber to the subscriber is 
projected to successively penetrate market segments in the following order: field 
!rkds, large businesses, s d  businesses and new residences, wealrhy residences, 
and finally other residences. This projcciion is based on (1) projected cost trends 
for fiber optics, digital elecmnics, and consumer electronics, (2) willingness to 

8. Pcr US. Induririal O ~ b o k . .  99 million out of 117 million acces lines in 1985. 



pay by ttm market segments, and (3) economies of scale. 

ExhibiL ES.5 compares an earlier forecast on rhe substitution of digid for 
analog switching9 to the forecasts developed here for the outside plant The 
adoption of interoffice derived (mosdy digital) circuits has historically led the 
adopuon of digical switching. However, in the future, the switching and 
interoffice circuit substitutions will rapidly converge, until between 1997 and 
2001 the interoffice network (including switching) will be all digiral. 

The switching and subscriber feeder substitutions were both at about 1% 
digital in 1983, but the switching subscituuon has proceeded at a faster pace since 
then. Refening again IO Exhibit ES.5, we scc hat the lower bound subscriber 
feeder substitution parallels the lower bound swirching substitution afta 1B5, 
lagging it by about seven years. The synergies between digital swirching and 
both interoffice and subscriber digital circuits will likely drive rhe substitutions 
closer to the lower bound forecasts. 

While the interoffice network will likely be all digital by the rum of the 
century, the feeder plant will still contain non-derived elements. However, by 
2000 the feeder plant will most likely be over 70% derived (and digital). Further, 
most of the non-derived subscriber pairs remaining in 2000 will be se&g 
customers close to the cenaal office and therefore will be capable of providing 
digital services Thus, tbe network will likely be all or almost a l l  digital (and 
served largely by fiber feeder) by the year 2000. 

The scenario for the peneeadon of fiber optics to the subscriber is shown by 
rhe right-mosr curve in Exhibit ES.5. The curve parallels the feeder substirution 
and lags it by about twelve years. The adoprion of fiber 10 the subscriber implies 
rhe replacemenr of copper cable in both the feeder and distribudon ponions of the 
local loop. (However, tik will already have replaced much of the copper cable 
in the feeder plant by the m e  significant amounis of fiber are extended to the 
subscriber.) If the scenario holds true, the demise of copper in the outside plant 
will be complete by the early 2020s. 

The interoffice. subscriber feeder, and the previous digital switching forecas  
are based on historical and planning data. They reflect the economic drivers that 
have historicalIy driven these substirutions. These economic drivers will make 
both existing and new services more economical. The forecasts do not, however, 
fully reflect rhe future demand for new digital, broadband, or fiber services. Nor 

9. Lenz and Vanscon, Comparisons of Technology Subsnsn'ruions, p. 69. 
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do they reflect the competitive forces rhnr zrc emerging in rhe industry. 
Therefore, the forecasrs are likely to underestimate the rate of substirunon They 
represent the minimurn the indusuy needs to achieve to remain competitive. 
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EXHIBIT ES.2 

INTEROFFICE FORECASTS 
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EXL-IIBIT ES.3 

SUBSCRIBER FEEDER FORECASTS 
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EXHIBIT ES.4 

SCENARIO FOR THE PENETRATION OF FIBER TO THE 
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EXI.III31T ES.5 

COMPARISON OF DIGITAL SWITCHING FOR ANALOG SWITCHING 
AND OUTSIDE PLANT SUBSTITUTIONS 
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semng area has wd-dcfined geogmphic boundaries and subscribers wirhin thc 

area are served by distribution plant emanating from rht remote elecuonics 
equipment location. This design has proven to be an economc and easily 
administered approach for serving subscribers with remote electronics. Tne 
introduction of fiber optics has resulted in fundamental changes in the CSA 
characteristics-the distance of die CSA from rhe cenwl office is king reduced 
because the length of the cenhal office to remote terminal feeder link is becoming 
a less significant factor. 

Data obtained in rhis industry-wide study indicare rhat many of rhe operating 
companies thar have adopted the CSA concept are planning to deploy fiber-fed 
remote ~erminals closer to the subscriter. Revised procedures typically call for 
maximum distribution distances in the 3,000 IO 5.000 feet range, rather than the 
a n t  value of 12.000 feet This enables the operaring company GO provide 
high-capacity services through the fiber m o t e  terminal rarher than by separate, 
special, and dedicated facilities. This approach provides consrmction cost savings 
and mer operational efficiency. 

Several of the reponing companies noted b a t  these procedures are being 
introduced ftrst in p m  mebopoliran centers. and will then be extended to 
wider regions as demand for high bandwidth service grows. The s w e y  data also 
showed that the distance between the central office and the remote t e r m i d  is no 
longer a siccant factor in determining whetha f i k  should be deployed bur 
that, instead, bandwidth capacity is the driving criteria 

Fiber ro rke Subscriber. The use of fiber to serve subsQibers directly, without 
any inrervening metallic cable, is an emerging trend. Currently, this method of 
access is provided on a dedicated basis without intennediare cross-connection 
points. As discussed below, the long-term rend is coward broadband, all-fiber 
networks. These initial instances of all-fiber access loop indicale how demand 
for broadband connectivity may develop and directions for network evolution. 

Exhibit 5.3 shows survey results for the percentage of "fiber only" subscriber 
pairs groiing wih time. m i l e  fewer than 1% of the tom1 installed pair capacity 
is offered on all-fiber facilities overall, the number of operating companies 
providing fiber access has been steadily increasing. The first reported instance of 
all-fiber loops occurred in 1980. By 1984, the number of  repdr tg  companies 
deploying all-fiber access had grown to seven. Survey data dcmonsuates rhat 
these installations are primarily in rne&oplim areas for large business 
subscribers. The principal applications are broadband Special services, such as 
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1.5 Mb/s or 45 Mb/s digital links rhar c m  be used for aggregated voice lraffic 
from PBXS or high-speed dara cornmunicarions. Projection of the &end in 
Exhibit 5.3 suggests rhar rhe use of all-fiber Imps will extend IO greater than 5% 
of overall loop pair capacity by 1992. This estimate may be consaarive, 

. however, as the demand for high-capacity all-fiber loops will be srimulated by the 
emergence of new services which require high bandwidth. 
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By this nznefmne, it is quite probable rhar a high level of demand for high- 
quality video senices will have evolved, together with both a consumer product 
market and an extensive variety of sources. Initial technical demonswcions Of 
high-definition video has aroused considerable attention, as the picture qualiry 3 
distincrly superior to iday’s broadcast or cable networks. The combination of 
fiber optics and integrated electronics is the enabling element to this new service 
capability, and the demand may be the stimulation necessary for widespread 
deployment of a broadband network. 

2005 TIMEFRAME 

By the eaAy rwenry-first century. deployment of filxr in the s u b s a i r  planr 
should be occurring at a rapid rate, with a subsrantid fraction of a fiber-based 
d+.mburion nenvork in place. The results of this industry-wide study given in 
Chapter Three indicate rhat within this timeiixme the interoffice network will be 
entirely f i k .  Chapter Four shows that fiber will be used extensively in the 
feeder as well. Several scenarios for broadband deployment have been suggested, 
and even the more conservadve estimates (often based on the paKCrII of CATV 
penefmaon in rhe US.) show a substantial presence of fiber to the subscrih in 
this timeframe. Underlying forces coneributing to rhe deployment include 
decreased cost due to volume production, the firm establishment of digital video 
mdards, and the development of new information and entntainment Services. 

A progressive scenario for broadband evolution is provided in Exhibit 5.7. 
This model assumes a somewhat more aggressive penemtion of fiber than the 
CATV pattern would suggest This is driven by the already demonsuazed demand 
for broadband services in the business sector. By rhe mid-1990s. the business 
demand will have led m the deployment of infrasuucture in the metropolitan 
areas, and migration of the broadband network into the residencial sector then 
proceeds incrementally. For CATV, such incremental growth was not achieve4 
as the systems were deployed separately, without sharing of eommon elemens. 
By satisfying business demand first, a subsrantid user base will be established 
permitring volume production of subscriber elements facilitadng the consequent 
economy of scale. 

These mnds are summarized in Exhibit 5.8, which shows each of the phases of 
broadband implementation. The figures suggest the steady grow& in subscriber 
fines together with the decreased cost per line. By rhe early 21s cenruy. new 
consuuction and a sigtufkanr ponion of h e  small business and residence sectors 
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will havc k e n  reached by fiber. This network will suppm a broad spectrum of 
services, ranging from very low bit rate telemeq for meter reading. securiy, and 
energy managemenL rhrough conventional voice and high-fideliry audio, and 
including a variety of video formats and capabilities. Integrated access, as 
suggested early in the prototype research, will be commonplace. All  duplicate 
access facilities, such as copper pair or coaxial, will be obsolete. 



EXHIBIT 5.7 

PROGRESSIVE BISDN DEVELOPMENT PENETRATION 
AND COST ESTIMATES 
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EXHIBIT 5.8 

BISDN PROGRESSIVE DEPLOYMENT 
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